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PROCESS FOR MIXING AN ACIDIC AQUEOUS SOLUTION COMPRISING 
5 HYDROXYLAMMONIUM AND PHOSPHATE WITH NITRIC ACID 

The invention relates to a process for mixing a first acidic aqueous 
solution comprising hydroxylammonium and phosphate with a second acidic aqueous 
solution comprising nitric acid, resulting in a third acidic aqueous solution comprising 

10 hydroxylammonium, phosphate and nitric acid. 

Cyclohexanone oxime can be prepared in a process in which an 
aqueous reaction medium is cycled from a hydroxylammonium synthesis reactor in 
which hydroxylammonium is prepared by catalytic reduction of nitrate with hydrogen to 
a cyclohexanone oxime synthesis reactor in which cyclohexanone oxime is produced 

15 by reaction of hydroxylammonium with cyclohexanone and from the cyclohexanone 
oxime synthesis reactor back to the hydroxylammonium synthesis reactor. To make up 
for the nitrate that is reduced in the hydroxylammonium synthesis reactor, nitric acid 
can be introduced into the aqueous reaction medium by mixing a nitric acid solution 
with the aqueous solution leaving the cyclohexanone oxime synthesis zone. The 

20 aqueous reaction medium leaving the cyclohexanone oxime synthesis reactor may 
comprise unreacted hydroxylammonium. Said unreacted hydroxylammonium may 
decompose as a result of the mixing with the nitric acid solution, this decomposition 
being disadvantageous, as hydroxylammonium is a useful product. 

CN-A-1281849 discloses the use of a static mixer for mixing both 

25 solutions. However, in the mixed solution decomposition of hydroxylammonium may 
still occur. 

The object of the present invention is to provide a process for mixing 
a first acidic aqueous solution comprising hydroxylammonium and phosphate with a 
second acidic aqueous solution comprising nitric acid, resulting in a third acidic 
30 aqueous solution comprising hydroxylammonium, phosphate and nitric acid, in which 
decomposition of hydroxylammonium in the third acidic aqueous solution is prevented 
or at least reduced. 

This object is achieved in that in the third acidic aqueous solution the 
total acid concentration minus the phosphate concentration is lower than 
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0.523 * ln([hydroxylammonium]/1.25) + 422/(T + 81) whereby [hydroxylammonium] is 
the concentration of hydroxylammonium in the third acidic aqueous solution, T is the 
temperature of the third acidic aqueous solution expressed in °C and all concentrations 
are expressed in mol/l. 
5 It has in particular been found that decomposition of 

hydroxylammonium can be reduced or even prevented by having a hydroxylammonium 
concentration in the first and/or third acidic aqueous solution sufficiently high such that 
the total acid concentration minus the phosphate concentration in the third acidic 
aqueous solution is lower than 0.523 * ln([hydroxylammonium]/1.25) + 422/(T + 81). 

10 Obtaining a sufficiently high hydroxylammonium concentration in the first acidic 

aqueous solution can for example be achieved by adding hydroxylammonium to an 
acidic aqueous solution comprising hydroxylammonium to obtain the first acidic 
aqueous solution. Obtaining a sufficiently high hydroxylammonium concentration in the 
third acidic aqueous solution can for example be achieved by adding 

15 hydroxylammonium to the third acidic aqueous solution and/or by performing the 

mixing of the first and second acidic aqueous solution in a hydroxylammonium reactor 
in which hydroxylammonium is prepared by catalytic reduction of nitrate with hydrogen. 

As used herein, the total acid concentration of an acidic aqueous 
solution, for instance the first, second, third and fourth acidic aqueous solution, is 

20 preferably measured by titration to a pH of 4.2. Preferably, said titration is performed by 
adding 5 ml of the acidic aqueous solution to 50 ml distilled water and titration with a 
0.25 N NaOH solution to a pH of 4.2. In an acidic aqueous solution comprising H 3 P0 4 
and HN0 3 as the acids, the total acid concentration is a measure for the sum of the 
concentration of H3PO4 and the concentration of HNO3. Preferably the total acid 

25 concentration in the first acidic aqueous solution is higher than 0.1 mol/l and lower than 
6 mol/l. 

The process according to the invention comprises mixing a first acidic 
aqueous solution with a second acidic aqueous solution. The mixture obtained as a 
result of said mixing is, as used herein, also referred to as third acidic aqueous 
30 solution. 

Preferably, the process comprises mixing the first acidic aqueous 
solution with the second acidic aqueous solution at a temperature between 20 and 
80 °C. 
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The first acidic aqueous solution comprises hydroxylammonium and 
phosphate. The second acidic aqueous solution comprises nitric acid. Any suitable first 
acidic aqueous solution and a second acidic aqueous solution may be used, such that 
the mixing thereof results in a third acidic aqueous solution in which 
5 Cadd(3)-c ph osphate(3) < 0.523*ln(c hyam (3)/1 .25) + 422/(T(3) + 81 ) 

wherein c ac id(3) = total acid concentration in the third acidic aqueous solution, 
expressed in mol/l, Cp h0 sphate(3) = phosphate concentration in the third acidic aqueous 
solution, expressed in mol/l, Ch ya m(3) = concentration hydroxylammonium in the third 
acidic aqueous solution, expressed in mol/l, T(3) = temperature of the third acidic 

10 aqueous solution expressed in °C. Based on the present disclosure, the skilled man 
can apply any suitable combination of conditions such as for instances quantities of 
first acidic aqueous solution and second acidic aqueous solution to be mixed, a 
suitable acidity and suitable concentration of hydroxylammonium in the first acidic 
aqueous solution, a suitable acidity of the second aqueous solution, a suitable 

15 concentration of hydroxylammonium in the third acidic aqueous solution and a suitable 
temperature. 

In a preferred embodiment, the invention provides a process 
comprising mixing a first acidic aqueous solution comprising hydroxylammonium and 
phosphate with a second acidic aqueous solution comprising nitric acid, preferably at a 
20 temperature between 20 and 80 °C, resulting in a third acidic aqueous solution 
comprising hydroxylammonium, phosphate and nitric acid, wherein 

(Cacid(1)*Vl + C a c j d(2)*V 2 )/(V 1 +V 2 )-(C ph osphate(1)*Vl + Cp hos phate(2rV 2 )/(V 1 +V 2 ) 

< 0.523 * InaChyamOrV, + c hyam (2)*V 2 )/(V 1 +V 2 )/1.25) + 422/(T(3) + 81) 
wherein 

25 Cacid(1) and c a dd(2) are the total acid concentration in the first acidic aqueous solution 
and in the second acidic aqueous solution respectively, expressed in mol/l. 
CphosphateO) and Cpho S phat©(2) are the phosphate concentration in the first acidic aqueous 
solution and in the second acidic aqueous solution respectively, expressed in mol/l. 
Chyam(1) and Chaym(2) are concentration hydroxylammonium in the first acidic aqueous 

30 solution and in the second acidic aqueous solution respectively, expressed in mol/l. 
T(3) temperature of the third acidic aqueous solution. 

Vi and V 2 are the volume of the first acidic aqueous solution and second acidic 
aqueous solution respectively. The skilled man will understand that in a continuous 
process V<\ and V 2 refer to the flow rates of the first and second acidic aqueous 
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solution, expressed in volume of first acidic aqueous solution per second and volume of 
second acidic aqueous solution per second respectively. This embodiment is an 
advantageous way for obtaining the third acidic aqueous solution according to the 
invention and for the prevention of decomposition of hydroxylammonium. 
5 In general the hydroxylammonium concentration in the first acidic 

aqueous solution is higher than 0.002 mol/l, for instance higher than 0.005 mol/l, for 
instance higher than 0.01 mol/l, for instance higher than 0.02 mol/l. Typically, the 
hydroxylammonium concentration in the first acidic aqueous solution is below 2 mol/l, 
preferably below 0.2 mol/l. 
10 In an embodiment, the process according to the invention comprises 

preparing hydroxylammonium by catalytic reduction of nitrate with hydrogen in a 
hydroxylammonium synthesis reactor. The catalytic reduction of nitrate with hydrogen 
can be represented by the following equation: 

15 2 H3PO4 + NCV + 3 H 2 NH 3 OH + + 2 H 2 PCV + 2 H 2 0 

In an embodiment, the process according to the invention comprises 
preparing cyclohexanone oxime by reaction of hydroxylammonium and cyclohexanone 
in a cyclohexanone oxime synthesis reactor. The reaction of hydroxylammonium and 
20 cyclohexanone can be represented by the following equation: 

NH 3 OH + + H 2 PCV + C 6 H 10 O C 6 H 10 NOH + H3PO4 + H z O 

In an embodiment the process according to the invention comprises 
25 cycling an aqueous reaction medium from the hydroxylammonium synthesis reactor to 
the cyclohexanone oxime synthesis reactor, and from the cyclohexanone oxime 
synthesis reactor back to the hydroxylammonium synthesis reactor 

In an embodiment of the process according to the invention, an 
aqueous reaction medium leaving the cyclohexanone oxime synthesis reactor is used a 
30 the first acidic aqueous solution. The use of the aqueous reaction medium leaving the 
cyclohexanone oxime synthesis reactor as first acidic aqueous solution may involve a 
process wherein the aqueous reaction medium leaving the cyclohexanone oxime 
synthesis reactor is, as the first acidic aqueous medium, mixed with the second acidic 
aqueous solution, resulting in the third acidic aqueous solution. In an embodiment, the 
35 aqueous solution leaving the cyclohexanone oxime reactor may be subjected to 
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extraction prior to mixing the aqueous reaction mixture with the second acidic aqueous 
solution. In an embodiment, part of the water may be separated from the aqueous 
reaction mixture leaving the cyclohexanone oxime synthesis reactor by stripping prior 
to mixing the aqueous reaction mixture with the second acidic aqueous solution. In an 
5 embodiment, the aqueous reaction mixture leaving the cyclohexanone oxime synthesis 
reactor may, optionally after extraction and/or separation of water from the aqueous 
reaction mixture, be separated into at least a first part and a second part, and the first 
part of the aqueous reaction medium may be mixed with the second acidic aqueous 
solution. Nitrogen oxides may be absorbed and oxidized in said second part to prepare 

10 nitric acid and to obtain the second acidic aqueous solution. 

In an embodiment of the process according to the invention, the 
process comprises adding hydroxylammonium to an acidic aqueous solution 
comprising hydroxylammonium to obtain the first acidic aqueous solution. After said 
adding, the resulting first acidic aqueous solution can be mixed with the second acidic 

1 5 aqueous solution. In another embodiment, the process according to the invention 

comprises adding hydroxylammonium to the third acidic aqueous solution during said 
mixing. Using the disclosure of the present invention, the skilled man can determine the 
amount of hydroxylammonium to be added to the acidic aqueous solution that is 
sufficient to prevent decomposition of hydroxylammonium. It is surprising that adding 

20 extra hydroxylammonium to a solution comprising hydroxylammonium can assist in 
preventing decomposition of hydroxylammonium. In an embodiment of the process 
according to the invention, the acidic aqueous solution to which hydroxylammonium is 
added is an aqueous reaction medium leaving the cyclohexanone oxime synthesis 
reactor. In an embodiment, the invention provides a process comprising cycling an 

25 aqueous reaction medium from the hydroxylammonium synthesis reactor to the 

cyclohexanone oxime synthesis reactor and from the cyclohexanone oxime synthesis 
reactor back to the hydroxylammonium synthesis reactor, the aqueous reaction 
medium leaving the cyclohexanone oxime synthesis reactor comprising 
hydroxylammonium; adding hydroxylammonium to the aqueous reaction medium 

30 leaving the cyclohexanone oxime synthesis reactor to obtain the first acidic aqueous 
solution; and mixing the first acidic aqueous solution with the second acidic aqueous 
solution. In a preferred embodiment, the aqueous reaction medium leaving the 
cyclohexanone oxime synthesis reactor is, optionally after having been subjected to 
extraction and/or separation of water from the aqueous reaction mixture by stripping, 

35 separated into at least a first part and a second part, and hydroxylammonium is 



WO 2004/052780 



-6- 



PCT/NL2003/000877 



advantageously added to the first part of the aqueous reaction medium; and nitrogen 
oxides are advantageously absorbed and/or oxidized in the second part of the aqueous 
reaction medium to prepare nitric acid to obtain the second acidic aqueous solution. 
This embodiment has the advantage that absorption and/or oxidation of nitrogen oxides 

5 may be effected without loss of added hydroxylammonium. 

In a preferred embodiment, an aqueous reaction medium leaving a 
hydroxylammonium synthesis reactor is used to add said hydroxylammonium to an 
acidic aqueous solution. In a preferred embodiment, the process comprises adding part 
of the aqueous reaction medium leaving the hydroxylammonium synthesis reactor to 

10 an acidic aqueous solution, preferably to the aqueous reaction medium leaving the 

cyclohexanone oxime synthesis reactor. In such embodiments any part of the aqueous 
reaction medium leaving the hydroxylammonium synthesis reactor may be used to add 
hydroxylammonium to said acidic aqueous reaction medium. Preferably, 1-50 % by 
volume, more preferably, 5-30 % by volume may be used. 

1 5 Generally, the phosphate concentration in the first acidic aqueous 

solution is higher than 2.0 mol/l. Preferably, the phosphate concentration is such that 
no crystallization occurs, which depends amongst other things on the temperature and 
the concentration of other components in the aqueous solution. Generally, the 
phosphate concentration in the first acidic aqueous solution is lower than 8 mol/l, 

20 preferably lower than 5 mol/l. As used herein, the phosphate concentration is defined 
as the sum concentration of all phosphates, irrespective of the form in which they are 
present, expressed in mol per litre of aqueous solution. Phosphates may be present as 
PO4 3 ", HPO4 2 -, H 2 PCV, H 3 P0 4> salts of PO4 3 ", HP0 4 2 *, H 2 P0 4 ", and/or combinations 
thereof. Preferably, the first acidic aqueous solution comprising hydroxylammonium 

25 and phosphate is a phosphate buffered solution. Generally, the first acidic aqueous 
solution comprises ammonium and/or nitrate. 

Any suitable acidic aqueous solution comprising nitric acid can be 
used as the second acidic aqueous solution. The second acidic aqueous solution 
comprising nitric add may be obtained by absorbing and oxidizing nitrogen oxides in an 

30 aqueous solution. It is also possible to use a concentrated nitric acid solution as the 
second acidic aqueous solution. Preferably such a concentrated nitric acid solution 
contains 30-75 % by weight of nitric acid. In a preferred embodiment, an aqueous 
reaction medium leaving the cyclohexanone oxime synthesis reactor is, optionally after 
separation of water from the aqueous reaction mixture, separated into at least a first 

35 part and a second part, and nitrogen oxides are advantageously absorbed and/or 
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oxidized in the second part of the aqueous reaction medium to obtain, optionally after 
mixing with a, preferably concentrated, nitric acid solution, the second acidic aqueous 
solution. 

Nitrogen oxides may be obtained from an ammonia-oxidation. The 
5 oxidation of ammonia can be represented by the following equation: 

4 NH 3 + 5 0 2 -> 4 NO + 6 H 2 0 

The absorption and oxidation of nitrogen oxides in an aqueous 
10 solution to prepare nitric acid can be represented by the following equations: 

2 NO + 0 2 ^ 2 N0 2 

4 N0 2 + 0 2 + 2 H 2 0 -» 4 HN0 3 

.3 N0 2 + H 2 0 2 HNO3 + NO 

15 

There is no specific upper limit for the nitric acid concentration in the 
second acidic aqueous solution. 

Generally, the phosphate concentration in the third acidic aqueous 
solution is higher than 2.0 mol/l. Preferably, the phosphate concentration is such that 

20 no crystallization occurs, which depends amongst other things on the temperature and 
the concentration of other components in the third acidic aqueous solution. Generally, 
the phosphate concentration in the third acidic aqueous solution is lower than 8 mol/l, 
preferably lower than 5 mol/l. As used herein, the phosphate concentration is defined 
as the sum concentration of all phosphates, irrespective of the form in which they are 

25 present, expressed in mol per litre of aqueous solution. Phosphates may be present as 
PO4 3 -, HPO4 2 ", H 2 P0 4 ", H3PO4, salts of POf, HP0 4 2 \ H 2 P0 4 ~, and/or combinations 
thereof. Preferably, the third acidic aqueous solution comprising hydroxylammonium 
and phosphate is a phosphate buffered solution. Generally, the third acidic aqueous 
solution comprises ammonium and/or nitrate. Surprisingly, it has been found that 

30 decomposition of hydroxylammonium in the third acidic aqueous solution may be 

reduced or even prevented by increasing the hydroxylammonium concentration in the 
third acidic aqueous solution, for instance by addition of hydroxylammonium or by 
enrichment of hydroxylammonium in a hydroxylammonium synthesis reactor 
There is no specific upper limit for the hydroxylammonium 

35 concentration in the third acidic aqueous solution. Preferably, the hydroxylammonium 
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concentration in the third acidic aqueous solution is lower than 2.5 mol/l. 

The temperature of the mixture obtained as a result of said mixing, as 
used herein also referred to as third acidic aqueous solutions is preferably between 20 
and 80 °C. Preferably, the temperature of the third acidic aqueous solution is between 
5 25 and 60 °C. The temperature may also be between 20 and 40 °C, for instance in an 
embodiment wherein the mixing of the first acidic aqueous solution with the second 
acidic aqueous solution is effected prior to feeding the third or fourth acidic aqueous 
solution to the hydroxylammonium synthesis reactor. 

Mixing of the first acidic aqueous solution with the second acidic 

10 aqueous solution may be performed in any suitable manner, for instance by continuous 
merging the two acidic aqueous solutions supplied in a continuous flow and/or by using 
a mixer, a flow or line mixer, an agitated vessel or a bubble column. The mixing may be 
performed with a turbine stirrer or a static mixer. 

After mixing the first acidic aqueous solution with the second acidic 

15 aqueous solution resulting in the third acidic aqueous solution, the concentration of 
nitric acid in the third acidic aqueous solution may be further increased by mixing the 
third acidic aqueous solution with an acidic aqueous solution comprising nitric acid, 
preferably at a temperature between 20 and 80 °C, resulting in a fourth acidic aqueous 
solution comprising hydroxylammonium, phosphate and nitric acid whereby the total 

20 acid concentration minus the phosphate concentration in the fourth acidic aqueous 
solution is lower than 0.523 * ln([hydroxylammonium]/1.25) + 422/(T + 81) wherein 
[hydroxylammonium] is the concentration of hydroxylammonium in the fourth acidic 
aqueous solution, T is the temperature of the fourth acidic aqueous solution expressed 
in °C and all concentrations are expressed in mol/l. 

25 Preferably the total acid concentration in the fourth acidic aqueous 

solution is higher than 0.1 mol/l and lower than 6 mol/l. 

Generally, the phosphate concentration in the fourth acidic aqueous 
solution is higher than 2.0 mol/l. Preferably, the phosphate concentration is such that 
no crystallization occurs, which depends amongst other things on the temperature and 

30 the concentration of other components in the aqueous solution. Generally, the 

phosphate concentration in the fourth acidic aqueous solution is lower than 8 mol/I, 
preferably lower than 5 mol/l. As used herein, the phosphate concentration is defined 
as the overall concentration of all phosphates, irrespective of the form in which they are 
present, expressed in mol per litre of aqueous solution. Phosphates may be present as 
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POA HP0 4 2 *, H 2 P0 4 \ H 3 P0 4 , salts of PO/", HPO4 2 ", H 2 PCV, and/or combinations 
thereof. Preferably, the fourth acidic aqueous solution comprising hydroxylammonium 
and phosphate is a phosphate buffered solution. Generally, the fourth acidic aqueous 
solution comprises ammonium and/or nitrate. 
5 The preferred upper limit for the total acid concentration minus the 

phosphate concentration in the fourth acidic aqueous solution is determined by the 
hydroxylammonium concentration ([hydroxylammonium]) and the temperature (T) in 
the fourth acidic aqueous solution. The total acid concentration minus the phosphate 
concentration is preferably such that it is lower than 

10 0.523 * ln([hydroxylammonium]/1.25) + 422/(T + 81) whereby all concentrations are 
expressed in mol/l. 

there is no specific upper limit for the hydroxylammonium 
concentration in the fourth acidic aqueous solution. Preferably, the hydroxylammonium 
concentration in the fourth acidic aqueous solution is lower than 2.5 mol/l. 

1 5 The temperature of the fourth acidic aqueous solution is preferably 

between 20 and 80 °C. Preferably, the temperature is between 25 and 60 °C. The 
temperature may also be between 20 and 40 °C, for instance in an embodiment 
wherein the mixing of the third acidic aqueous solution with the acidic aqueous solution 
comprising nitric acid is effected prior to feeding the fourth mixture to the 

20 hydroxylammonium synthesis reactor. 

Mixing of the third acidic aqueous solution with an acidic aqueous 
solution comprising nitric acid may be performed by continuous merging the two acidic 
aqueous solutions supplied in a continuous flow and/or by using a mixer, a flow or line 
mixer, an agitated vessel or a bubble column. The mixing may be performed with a 

25 turbine stirrer or a static mixer. 

In preferred embodiment, the process comprises adding 
hydroxylammonium to the third acidic aqueous solution prior to mixing the third acidic 
aqueous solution with the acidic aqueous solution comprising nitric acid to form the 
fourth acidic aqueous solution. 

30 In a preferred embodiment, an aqueous reaction medium leaving a 

hydroxylammonium synthesis reactor is used to add said hydroxylammonium to the 
third acidic aqueous solution. In a preferred embodiment, the process comprises 
adding part of the aqueous reaction medium leaving the hydroxylammonium synthesis 
reactor to the third acidic aqueous solution. Preferably, 1-50 % by volume, more 
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preferably, 5-30 % by volume may be used. 

In an embodiment the mixing of the first and second acidic aqueous 
solution resulting in the third acidic aqueous solution is performed before the third 
acidic aqueous solution is fed to the hydroxylammonium synthesis reactor. In still 
5 another embodiment this third acidic aqueous solution is mixed with an acidic aqueous 
solution comprising nitric acid resulting in the fourth acidic aqueous solution before this 
fourth acidic aqueous solution is fed to the hydroxylammonium synthesis reactor. 

In another embodiment the mixing of the first acidic aqueous solution 
with the second acidic aqueous solution comprising nitric acid is performed in the 

10 hydroxylammonium synthesis reactor. This embodiment preferably comprises feeding 
the first acidic aqueous solution and the second acidic aqueous solution separately to 
the hydroxylammonium synthesis reactor. In this embodiment, the resulting third acidic 
aqueous solution is present in the hydroxylammonium synthesis reactor. In this 
embodiment, the third acidic aqueous solution is preferably enriched in 

15 hydroxylammonium in the hydroxylammonium synthesis reactor. In an embodiment, 
the invention provides a process comprising feeding a first acidic aqueous solution to a 
hydroxylammonium synthesis reactor, said first acidic aqueous solution comprising 
hydroxylammonium and phosphate; feeding a second acidic aqueous solution to a 
hydroxylammonium synthesis reactor, said second acidic aqueous solution comprising 

20 nitric acid; preparing hydroxylammonium in said hydroxylammonium synthesis reactor 
by catalytic reduction of nitrate with hydrogen; wherein in the hydroxylammonium 
synthesis reactor the total acid concentration minus the phosphate concentration is 
lower than 0.523 * ln([hydroxylammonium]/1 .25) + 422/(T + 81) whereby 
[hydroxylammonium] is the concentration of hydroxylammonium in the 

25 hydroxylammonium synthesis reactor, T is the temperature in the hydroxylammonium 
synthesis reactor expressed in °C and all concentrations are expressed in mol/l. 

In a preferred embodiment, the invention comprises mixing the third 
acidic aqueous solution and the acidic aqueous solution comprising nitric acid in the 
hydroxylammonium synthesis reactor. This embodiment preferably comprises feeding 

30 the third acidic aqueous solution and the acidic aqueous solution comprising nitric acid 
separately to the hydroxylammonium synthesis reactor. In this embodiment, the 
resulting fourth acidic aqueous solution is present in the hydroxylammonium synthesis 
reactor. In this embodiment, the fourth acidic aqueous solution is preferably enriched in 
hydroxylammonium in the hydroxylammonium synthesis reactor. In an embodiment, 
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the invention provides a process comprising feeding the third acidic aqueous solution 
to a hydroxylammonium synthesis reactor, said third acidic aqueous solution 
comprising hydroxylammonium and phosphate; feeding an acidic aqueous solution to a 
hydroxylammonium synthesis reactor, said acidic aqueous solution comprising nitric 

5 acid; preparing hydroxylammonium in said hydroxylammonium synthesis reactor by 
catalytic reduction of nitrate with hydrogen; wherein in the hydroxylammonium 
synthesis reactor the total acid concentration minus the phosphate concentration is 
lower than 0.523 * ln([hydroxylammonium]/1.25) + 422/(T + 81) whereby 
[hydroxylammonium] is the concentration of hydroxylammonium in the 

10 hydroxylammonium synthesis reactor, T is the temperature in the hydroxylammonium 
synthesis reactor expressed in °C and all concentrations are expressed in mol/l. 

The mixing in the hydroxylammonium synthesis reactor preferably is 
performed by using a bubble column as a hydroxylammonium synthesis reactor. 

Preferably, the process according to the invention is a continuous 

15 process. 

Brief Description of the Drawing 

FIG. 1 is a schematic diagram of an embodiment of the process 
according to the present invention. 

20 

Description of an embodiment 

Referring to FIG. 1, A represents the hydroxylammonium reactor. B 
represents the cyclohexanone oxime reactor. To reactor A, containing catalyst, an 
acidic aqueous solution comprising hydroxylammonium, phosphate and nitric acid is 

25 fed as aqueous reaction medium through line 1 and hydrogen is fed through line 2; 

optionally an additional acidic aqueous solution comprising nitric acid is fed to reactor A 
through line 3; unreacted hydrogen is discharged, with any other gases, via line 4. In 
the hydroxylammonium reactor A, the aqueous reaction medium is enriched in 
hydroxylammonium. This aqueous reaction medium being enriched in 

30 hydroxylammonium leaves reactor A via line 5 and is cycled to the cyclohexanone 
oxime reactor B via line 6. The cyclohexanone to be converted is fed to reactor B via 
line 7. The largest part of cyclohexanone oxime produced and dissolved in an organic 
solvent is removed from the system via line 8. The aqueous reaction medium leaving 
the cyclohexanone oxime reactor through line 9 is extracted in an extraction zone C. 
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An extraction agent, an organic solvent, enters extraction zone C through line 10. 
Within extraction zone C, additional cyclohexanone oxime is removed from the 
aqueous reaction medium and carried out of zone C in the organic solvent and is fed 
through line 1 1 to zone B. 
5 The aqueous reaction medium leaving extraction zone C through line 

12 is recycled to the hydroxylammonium reactor A, through lines 13, 14, 15, and 1. A 
part of the aqueous reaction medium leaving the extraction zone C through line 12 is 
tapped for absorbing and oxidizing nitrogen oxides. This part of the aqueous reaction 
medium is fed through line 16 to absorption column D, in which nitrogen oxides are 

10 absorbed, which are produced in reactor E by ammonia combustion and fed through 
line 18 to absorption column D. In column D nitric acid is produced from absorbed 
nitrogen oxides by a further reaction with water from the aqueous reaction medium. 
The aqueous reaction medium enriched with nitric acid passes from column D to 
bleaching column F through line 18. In column F residual nitrogen oxides are oxidized 

15 into nitric acid. Accordingly, the nitric acid concentration is increased in the aqueous 
reaction medium leaving column F through line 19. Optionally an additional amount of 
nitric acid can be supplied through line 20 and mixed with the acidic aqueous solution 
comprising nitric acid passing through line 19. The thus obtained second acidic 
aqueous solution comprising nitric acid passing through line 21 is mixed with the 

20 aqueous reaction medium passing through line 14, the first acidic aqueous solution. 
Optionally an additional amount of nitric acid can be supplied through line 22 and 
mixed with the third acidic aqueous solution passing through line 15. Subsequently the 
thus obtained third or fourth acidic aqueous solution is fed to the hydroxylammonium 
reactor through line 1 , completing the cycle. The aqueous reaction medium passing 

25 through line 13 may be enriched with hydroxylammonium by adding an aqueous solu- 
tion comprising hydroxylammonium through line 16, which may be tapped from line 5. 
Preferably, this process is carried out continuously. 
The invention will be elucidated by the following examples, however 
these are not intended to limit the scope of the invention in any way. 

30 

EXAMPLES 

In all examples the hydroxylammonium concentration in the acidic 
aqueous solution was determined by a potentiometric titration with K3Fe(CN) 6 . 

In all examples the total acid concentration in the acidic aqueous 
35 solution was determined by titration up to the first equivalence point of H 3 P0 4 (approx. 
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pH 4.2) with NaOH. 

In all examples the phosphate concentration in the acidic aqueous 
solution was determined by titration with La(N0 3 >3. 

In all examples decomposition of hydroxylammonium was monitored 
5 by monitoring gas evolution in the third acidic aqueous solution with a bubbler. 



Comparative Experiment A 

A glass reactor equipped with baffles and a turbine stirrer was filled 
with 40 ml of a first acidic aqueous solution, comprising per litre 0.029 mole 

10 hydroxylammonium, 4.51 mole phosphate, 3.52 mol ammonium and 1.51 mole nitrate, 
the total acid concentration being 2.67 mole per litre. This first acidic aqueous solution 
was heated to 65 °C under a continuous stream of nitrogen gas and vigorous stirring 
(600 rpm). After the solution has reached the desired temperature the supply of 
nitrogen was stopped and 30 ml of a second acidic aqueous solution, comprising per 

15 litre no hydroxylammonium, and 2.83 mole phosphate, 1.53 mole ammonium and 6.44 
mole nitrate, having a total acid concentration of 7.53 mole per litre, was mixed with the 
first acidic aqueous solution drop wise. At a certain point during the addition of the 
second acidic aqueous solution decomposition of hydroxylammonium starts, which was 
observed by a vigorous gas evolution. After the addition of the second acidic aqueous 

20 solution was completed and the gas evolution in the third acidic aqueous solution 
having a temperature of 65 °C had stopped the hydroxylammonium concentration in 
the third acidic aqueous solution was determined by titration and appeared to be < 
0.001 mol/l whereas the calculated final hydroxylammonium concentration is 0.017 
mol/l. In this example decomposition of hydroxylammonium occurred. In the third acidic 

25 aqueous solution of this comparative Experiment the calculated total acid concentration 
is 4.75 mol/l and the calculated phosphate concentration is 3.79 mol/l. Thus in the third 
acidic aqueous solution the total acid concentration minus the phosphate concentration 
is 0.96 mol/l. The calculated value for 

0.523 * ln([hydroxylammonium]/1.25) + 422/(T + 81) is 0.63. Thus this comparative 
30 Experiment demonstrates decomposition of hydroxylammonium in the case that the 
total acid concentration minus the phosphate concentration in the third acidic aqueous 
solution is higher than 0.523 * ln([hydroxylammonium]/1.25) + 422/(T + 81). 
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Example I 

Comparative Experiment A was repeated except that instead of 30 
ml, 20 ml of the second acidic aqueous solution was mixed with the first acidic aqueous 
solution. In this case no vigorous gas evolution could be observed. In the third acidic 
5 aqueous solution having a temperature of 65 °C the hydroxylammonium concentration 
determined by titration was 0.018 mol/l, which is equal to the calculated value of 0.019. 
The calculated total acid concentration minus the calculated phosphate concentration 
in the third acidic aqueous solution of this Example is 0.3 mol/l. 
The calculated value for 0.523 * ln([hydroxylammonium]/1 .25) + 422/{T + 81) is 0.7. 
10 Thus this example demonstrates that no decomposition of hydroxylammonium occurs 
in the third acidic aqueous solution when the total acid concentration minus the 
phosphate concentration in the third acidic aqueous solution is lower than 
0.523 * ln([hydroxylammonium]/1.25) + 422/(T + 81). 

15 Example II 

Comparative Experiment A was repeated except that the third acidic 
aqueous solution was heated to 35 °C. No vigorous gas evolution could be observed. 
In the third acidic aqueous solution the hydroxylammonium concentration determined 
by titration was 0.017 mol/l, which is equal to the calculated hydroxylammonium 

20 concentration, being 0.017 mol/l. The calculated total acid concentration minus the 

calculated phosphate concentration in the third acidic aqueous solution of this Example 
is 1.2 mol/l. The calculated value for 0.523 * In([hydroxylammonium]/1.25) + 422/(T + 
81) is 1.4. Thus this Example demonstrates that no decomposition of 
hydroxylammonium occurs in the third acidic aqueous solution at a temperature of 35 

25 °C when the total acid concentration minus the phosphate concentration in the third 
acidic aqueous solution is lower than 
0.523 * ln([hydroxyIammonium]/1.25) + 422/(T + 81). 

Example III 

30 Comparative Experiment A was repeated except that as first acidic 

aqueous solution, was used a solution comprising per litre 0.146 mole 
hydroxylammonium, 3.74 mole phosphate, 3.34 mole ammonium and 2.57 mol nitrate, 
the total acid concentration being 2.33 mol per litre. No vigorous gas evolution could be 
observed. In the third acidic aqueous solution having a temperature of 65 °C the 
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hydroxylammonium concentration determined by titration was 0.08 mol/l, which is equal 
to the calculated hydroxylammonium concentration, being 0.08 mol/l. The calculated 
total acid concentration minus the calculated phosphate concentration in the third 
acidic aqueous solution of this Example is 1.2 mol/l. The calculated value for 
5 0.523 * ln([hydroxylammoniuml/1.25) + 422/(T + 81) is 1.5. Thus this Example 

demonstrates that no decomposition of hydroxylammonium occurs in the third acidic 
aqueous solution when the total acid concentration minus the phosphate concentration 
in the third acidic aqueous solution is lower than 0.523 * ln([hydroxylammonium]/1 .25) 
+ 422/(T + 81). 

10 

Examples IV-XXIV 

Comparative Experiment A was repeated except that different first 
and second acidic aqueous solutions and temperatures were used and that the 
addition of the second acidic aqueous solution was stopped at the moment gas 

15 evolution started. At that moment the amount of added second acidic aqueous 
solutions was determined, the total acid concentration minus the phosphate 
concentration in the third acidic aqueous solution was calculated, the value for 
0.523 * ln([hydroxylammonium]/1.25) + 422/(T + 81)in the third acidic aqueous solution 
was calculated and the amount of hydroxylammonium was calculated. All data are 

20 given in Tables 1-3. These Examples show that decomposition of hydroxylammonium 
starts at the point where the total acid concentration minus the phosphate 
concentration in the third acidic aqueous solution is equal to 
0.523 * ln([hydroxylammonium]/1.25) + 422/(T + 81). 



WO 2004/052780 PCT7NL2003/000877 

-16- 



Table 1. First acidic aqueous solution 



First acidic aqueous 
solution 


Amount of 
hydroxylammonium 
in mol/l 


Total acid 
concentration in 
mol/l 


Phosphate 
concentration in 
mol/l 


Ammonium 
concentration in 
mol/l 


Nitrate 
concentration in 
mol/l 


A1 


0.090 


2.39 


3.80 


4.80 


3.02 


A2 


0.029 


2.67 


4.51 


3.52 


1.51 


A3 


0.146 


2.33 


3.74 


3.34 


2.57 


A4 


0.020 


2.74 


4.55 


3.32 


1.42 



5 Table 2. Second acidic aqueous solution 



Second acidic 
aqueous solution 


Amount of 
hydroxylammonium 
in mol/l 


Total acid 
concentration in 
mol/l 


Phosphate 
concentration in 
mol/l 


Ammonium 
concentration in 
mol/l 


Nitrate 
concentration in 
mol/l 


B1 


0 


5.79 


2.50 


2.30 


5.75 


B2 


I 0 


7.53 


2.83 


1.53 


6.44 


B3 


0 


8.81 


1.90 


0.47 


7.31 


B4 


0 


7.70 


2.90 


1.20 


6.11 
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Table 3. Comparison of 



the amount of [total acidHphosphate] with 0.523*!n([hydroxyIammonium]/1.25)+422/(T+81) 



Example 


First acidic aqueous 
solution 


Amount of first 
Acidic aqueous solution in 
ml 


Second acidic aqueous 
solution 


Amount of second Acidic 
aqueous solution in ml 


O 

o 
C 

i— 


[hydroxylammonium] 
in third acidic aqueous 
solution 


Amount of 
[total acid] - [phosphate] 
in third acidic aq. solution 


c _ 

o cr - 

E 5 
E + 

is 

s i 


IV 


A1 


40.0 


B1 


90.2 


25 


0.028 


1.9 


2.0 


V 


A1 


40.0 


B1 


75.5 


35 


0.031 


1.7 


1.7 


VI 


A1 


40.0 


B1 


66.5 


45 


0.034 


1.5 


1.5 


VII 


A1 


40.0 


B1 


60.0 


55 


0.036 


1.4 


1.3 


VIII 


A1 


40.0 


B3 


33.6 


25 


0.049 


2.4 


2.3 


IX 


A1 


40.0 


B3 


29.0 


35 


0.052 


2.1 


2.0 


X 


A1 


40.0 


B3 


24.5 


45 


0.056 


1.8 


1.7 


XI 


A1 


40.0 


B3 


22.5 


55 


0.057 


1.6 


1.5 


XII 


A2 


40.0 


B2 


33.0 


45 


0.016 


1.1 


1.0 


XIII 


A2 


40.0 


B2 


29.8 


55 


0.016 


1.0 


0.8 


XIV 


A2 


40.0 


B2 


25.5 


65 


0.017 


0.7 


0.7 


XV 


A2 


40.0 


B2 


22.2 


75 


0.018 


0.5 


0.5 


XVI 


A3 


40.0 


B3 


42.0 


25 


0.071 


2.9 


2.5 


XVII 


A3 


40.0 


B3 


36.8 


35 


0.076 


2.6 


2.2 


XVIII 


A3 


40.0 


B3 


29.4 


45 


0.084 


2.1 


1.9 


XIX 


A3 


40.0 


B3 


27.4 


55 


0.086 


2.0 


1.7 


XX 


A4 


40.0 


B4 


39.4 


25 


0.010 


1.5 


1.5 


XXI 


A4 


40.0 


B4 


29.2 


45 


0.011 


1.0 


0.9 


XXII 


A4 


40.0 


B4 


25.0 


55 


0.012 


0.7 


0.7 


XXIII 


A4 


40.0 


B4 


21.5 


65 


0.013 


0.5 


0.5 


XXIV 


A4 


40.0 


B4 


19.2 


75 


0.013 


0.3 


0.3 
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Example XXV 

Comparative Experiment A was repeated except that glass reactor 
equipped with baffles and a turbine stirrer was filled with 75 ml of a first acidic aqueous 
solution, comprising per litre 1.58 mole hydroxylammonium, 3.76 mole phosphate, 3.94 mole 
5 ammonium, and 1.37 mole nitrate, the total acid concentration being 0.74 mole/l. Under 
vigorous stirring (600 rpm) at a temperature of 60 °C 120 ml of a mixture of 6 parts of an 
acidic aqueous solution, comprising per litre no hydroxylammonium, 2.90 mole phosphate 
1,20 mole ammonium, and 6.11 mole nitrate, the total acid concentration being 7.70 mole per 
litre and one part of a 65% aqueous nitric acid solution were mixed with the first acidic 

10 aqueous solution. At the moment gas evolution started the calculated hydroxylammonium 
concentration in the third acidic aqueous solution having a temperature of 60 °C was 0.61 
mol/l. The calculated total acid concentration minus the calculated phosphate concentration 
in the third acidic aqueous solution of this Example is 2.7 mol/l. The calculated value for 
0.523 * ln([hydroxylammonium]/1.25) + 422/(T + 81) is 2.6. This Experiment demonstrates 

15 that in the third acidic aqueous solution comprising per litre 0.61 mole hydroxylammonium, 
obtained by mixing a first acidic aqueous solution with a second acidic aqueous solution 
which is obtained by mixing an acidic aqueous solution comprising nitric acid and phosphate 
with a 65% nitric acid solution, decomposition of hydroxylammonium starts at the moment 
that the total acid concentration minus the phosphate concentration in the third acidic 

20 aqueous solution is equal to 0.523 * ln([hydroxylammonium]/1.25) + 422/(T + .81). 

Example XXVI 

Example XXV was repeated except that for the second acidic aqueous 
solution a 65% aqueous nitric acid solution is used which was added drop wise to the first 

25 acidic aqueous solution until gas evolution started. At the moment gas evolution started 41 
ml of the 65% aqueous nitric acid solution has been added and the calculated 
hydroxylammonium concentration in the third acidic aqueous solution having a temperature 
of 60 °C was 1.02 mol/l. The calculated total acid concentration minus the calculated 
phosphate concentration in the third acidic aqueous solution of this Example is 3.2 mol/l. The 

30 calculated value for 0.523 * ln([hydroxylammonium]/1 .25) + 422/(T + 81 ) is 2.9. This 

Example demonstrates that if the concentration of hydroxylammonium in the third acidic 
aqueous solution is 1 .02 mol/l and the second acidic aqueous solution, being a 65% 
aqueous nitric acid solution, is mixed drop wise with the first acidic aqueous solution no 
decomposition occurs until the total acid concentration minus the phosphate concentration in 
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the third acidic aqueous solution is equal to 0.523 * ln([hydroxylammonium]/1 .25) + 422/(T + 
81). 

Comparative Experiment B 
5 Comparative Experiment A was repeated except that the glass reactor 

equipped with baffles and a turbine stirrer was filled with 70 ml of a first acidic aqueous 
solution, comprising per litre 0.020 mole hydroxylammonium, 4.55 mole phosphate, 3.32 mol 
ammonium, and 1.42 mole nitrate, the total acid concentration being 2.74 mole/l. Under 
vigorous stirring (600 rpm) at a temperature of 45 °C 30 ml of a second acidic aqueous 

10 solution, comprising per litre no hydroxylammonium, 7.70 mole total acid and 2.90 mole 
phosphate and 6 ml of a 65% aqueous nitric acid solution were mixed with the first acidic 
aqueous solution. Gas evolution was observed. After the gas evolution had stopped the 
hydroxylammonium concentration in the third acidic aqueous solution was determined by 
titration and appeared to be < 0.001 mol/l. The calculated hydroxylammonium concentration 

15 in the third acidic aqueous solution having a temperature of 45 °C was 0.013 mol/l. The 

calculated total acid concentration minus the calculated phosphate concentration in the third 
acidic aqueous solution of this comparative Experiment is 1.0 mol/l and the calculated value 
for 0.523 * ln([hydroxylammonium]/1.25) + 422/(T + 81) is 0.96. This comparative 
Experiment demonstrates that in the third acidic aqueous solution having a temperature of 45 

20 °C and a hydroxylammonium concentration of 0.013 mol/l, obtained by mixing a first acidic 
aqueous solution with a second acidic aqueous solution which is obtained by mixing an 
acidic aqueous solution comprising nitric acid and phosphate with a 65% nitric acid solution, 
decomposition of hydroxylammonium occurs when the total acid concentration minus the 
phosphate concentration in the third acidic aqueous solution is equal to 0.523 * 

25 ln([hydroxylammonium]/1 .25) + 422/(T + 81). 

Example XXVII 

Comparative Experiment B was repeated except that the 
hydroxylammonium concentration in the first acidic aqueous solution has been increased by 
30 adding 5 ml of an aqueous hydroxylammonium solution, comprising per litre 1.58 mole 
hydroxylammonium, 3.76 mole phosphate, 3.94 mole ammonium and 1.37 mole nitrate 
having a total acid concentration of 0.74 mole/l to 70 ml of a first acidic aqueous solution 
comprising per litre 0.020 mole hydroxylammonium, 4.55 mole phosphate, 3.32 mole 
ammonium and 1 .42 mole nitrate having a total acid concentration of 2.74 mole per litre. No 
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gas evolution was observed. The calculated hydroxylammonium concentration in the third 
acidic aqueous solution having a temperature of 45 °C was 0.084 mol/l. The calculated total 
acid concentration minus the calculated phosphate concentration in the third acidic aqueous 
solution of this Example is 0.8 mol/l and the calculated value for 
5 0.523 * ln([hydroxylammonium]/1 .25) + 422/(T + 81 ) is 1 .9. This Example demonstrates that 
increasing the amount of hydroxylammonium in the third acidic aqueous solution in such a 
way that the total acid concentration minus the phosphate concentration in the third acidic 
aqueous solution is lower than 0.523 * ln([hydroxylammonium]/1.25) + 422/(T + 81), 
results in preventing decomposition of hydroxylammonium in the third acidic aqueous 
10 solution. 



